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1.  INTRODUCTION

The brimar,y, sources of ajrborne asbestos :are associated with the
m1n1r§g and manufacturing of asbestos.v At a manufacturing facility, such -
‘as the plants operated in Ambler, Pennsylvania, asbestos enters the

atmasphere from ﬁigitive emission sources. These fugith)e' emissions .

o usually consist' of small, periodic releases, originating from various

baghouse contro] devices. doorvays and imperfect seals on contaminznt

-areas, and asbestos particles from the surface 'Iayer of the active and

. fnactive waste-dispcsat piles. "

The ‘Inactive waste-disposa'l pﬂe in the vicinity of the Nicolet Indus-

" tries plant 1s a large, megular-shaped mound, covering an area of approx-

, Jately. 10 acres. The ma:lor axis of the pile is orfented east-west. The

pl'le was primarily created from the d'lsposal of asbestos waste products

- manufactured at the Nicolet p)ant. The waste-disposal pile 1s composed .

primarily of calcium carbonate. asbestos, and other 1norgan1c and orga:nic

mterfals, h o
Mthaugb the pﬂe has rema'lned inact1ve for about 7 years, 1t Has '

ut{14zed most recently as a disposal site for sevage sludge generated

by a nearby vaste-treatment plant. As a.result, vegetative grawth such

as trees, grass, and shrubs now covers approximately 60 to 75 percent af

the elevated surface area. The remaining surface area consists of re'la- .

tively exposed, steep slopes aruund the periphery of the pile. As one e

would expect. the lack of vegetati ve cover for these expased areas is
primarily due to the steep slopes and high alkalinity of the material.
An aerial view of the Nicolet plant and the inactive pile {s shown in
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"Figure 1. The white &re_a,s of the photagraph are the exposed sinpes.

The exposed slopes, especfally along the northern bank of the
{nactive weste,idispnsa'l pile, t:epresent a potential area for fugitive
.asbesto's ennssiens. Directﬁ bordering the sTopes of the northern bank '
,is a commnity recreational area (1.e,, basketban cuurt and barbecue)

‘ 'and the ad:lacent propert:ies of accupied dwem ngs. Because of the poten‘-
. .tal 1njuriaus effects fron the inhalation of asbestos fibers, ‘the
. Pennsylvania Department of Environmental Resources {s concerned about
'the nonoccupational’ exposure ‘of 'the 1oca1 population in the vicinity of )
,' the inactive pﬂe. Speciﬂcany. does the asbestos released from this
inactive . pﬂe represent a hazard to pub11c health?
' To answer ‘this question, the Pennsylvenia Department of Environmental
Resources (DER), Bureau of Mr Qua’lit,y and Hoise Cantrol, cnntrected
‘ =Equitnble Environmenm Heelth. Inc. (EEH) to conduct a study to

determine

1. if, and under what conditions, asbestos 1s re1eased from-the—
1nnct1ve refuse pi'le and transported to the adjacent residentia'l

" community

the extent of conununivty exposure to eirborne emissions from the
pﬁe | : oo '

to what extent, 1f possible, the other plant activities con-~
teibute to the ambient levels of asbestos, ° | ' |

~ To accomplish these objectives, EEH designed and conductea an ‘inten-
sive field monitoring program in the vicinity of the inactive pile. This

report describes the results of the intensive monitoring survey and
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’

"". . "ﬁss_ludes a discussfon of the desfgn and operation of the field sampling

. ﬁfog’rim. a presentation of quantitative estimates of asbestos concentra=

n~

tions, and an evaluation of the anbient asbestos Tevels.
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‘I, PROGRAM SUMMARY

During Movember 1976, an 1ntensive monitoring program was undertaken

Bb SR Wl

to determine the levels of cormunity exposure £ airhorne asbestos Jin the

i2a

. vicinity of ‘the 1nact1ve refuse pile in Ambler, Pennsylvania. Monitor‘lng -
, statlons were establlshed to deterrn1ne if other nearby asbestos sources

contribute to nonoccupational exposure levels in the vicinity of the test
area, ' ' '

B A total of 13 non1torlng statlons were established, and. 123 samples

were collected. 73 of those were analyzed for asbestos. The: selection of.
.‘ .samples was based prlmari ly on meteorologlcal conditlons. condition of the
pile, and maximum potentlal comun ity exposure, .
‘I'he samplés were analyzed by walter c. McCrone Assoclates. Inc.

'I'he analysis consisted of. examlnatlon of the samples by optical (NIOSH

]

-
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.
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phase-contrast) microscopy and transmiss'ion electron microscopy.

. 0f the 73 samples analyzed. only 4 samples had detectable Tevels of
asbestos, of whlch only 2 could be attributed to the 1nactive pile.—Eollow-
fng s a tabulatlon of the asbestos concentratlons detected ond tbe probable

L )
g<J#

SOUM'

X ..Jr- i .;3_. i

‘ Asbestos Level t
‘ Sampling Site (fibers/cubic_centimeter) Probable Source
c] . 0.017 . lInactlve plle
Fa o 0.085 Plant activities
l-'3 0.028 Plant activities

‘ Gs ' 0.025 . Plant, active pile,
T : L and inactive pile .

(y ke bk dad

The ashestos concentrations observed were extremely low and relatively

infrequent,

3
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II1.  PROGRAH APPROACH

-

The program was divided into two phases. The initial phase ‘con-
sisted of a preliminary survey designed to coiiect filter samples in
* order to establish the optimum dust-loading condi tion for each type of
: l'emp'ier. Tha second phase, ‘the primary monitoring survey, was -designed
' :,to obtain sempies at preseieoted iocetions 1n the vicinity of the fnactive ’
. pile for 2 3-vieek period. '

Besed on previousiy estabiished criterfa for filter sample seiection.
voriouo filters were ane'l,vzed to detennine the ashestos concentrations
liext, the results of the filter anaiyms were reviewed and eve'lueted
With respeot to the existing meteoroiogicai conditions, the state of the

pile, and the potentiei source(s) of asbestos.

=x

' ,A PREI.IMINARY MONITORING PROGRAM

Prior to the stort-up of the primery‘monitoring program, 1t was
'necessary to establish the optimum dust-Toading conditions because "
excessive loading of nonesbestos fiber would make the filter analyses'. '
extreme‘ly difficult and oontribute to inaccurate estimates of asbestos
fiber concentrations. At the same time, a sufficient volume of air had
to be sampled to make the results statistically significant.

In order to dete_rmine the optimum volume of air to pass through
each f{1ter, seven sampling locations were established adjacent to and
along the exposed slope of the inactive pi'l'e.where it was anticipated
that asbestos concentrations would be maximum. The total airflow

through each sampler was varied from 1,000 to 8,500 Titers. These
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filter samples vere ohen hand-carried to Halter C. McCrone Assoclates, |
Inc. for analyses. Upon examination. it was noted that samp?es obtainod

at a flow rate of 3,000 1{ters: experienced minima'l dust 1oading whoreas '
'samples obtafned at flow rates exceeding 8, 000 Titers indfcated excess’ive

" dust 1oading. Thus, 1t was decided that the total flow through each .
| sampler would be naintainéd at 4,000 to 6,000 1iters.during the primry

Hleld ‘monttoring program.

+

B PRIARY WONITORINS PROGRAM

< To mest the oblective of "'te primarx f1eld monitoring progrorn. tive
' types of monitorfng 1ocot10ns were e'stabl'lsbed to meet the fo'liovdng criter

1. to determine background 'Ieve'ls
2. to mnsure the mox »nnm comnunity exposure from the 1nact1ve

m'uso pile,
10 measure to the degree of stabﬂ1zat1on over the vegetat1ve

msvernn

“surface of the pﬂe _
to measure the asbestos contribution from other sources,

. to determine the contributdon of asbestos from the exposed

surface of the pile.

- As part of the monitoring 1nstrumentation. a wind speed and wind dfrec-
tion recording system was installed on top of the fnactive pile and

. mountad on a 10-foot mast, which was supported by a tripod. Data were .
conocted on a continuous basfs from Novenber 1 through 18 without ,,"

significant data loss. Descriptions of each monitoring site, site
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selection criterh. and patential asbestos sources are.Hsted 1in Table 1.
The exact locatfons of the sites are shown In Figure 2. ' .
In addition to the wind sensors {nstailed on top of the inactive
pﬂe. suppl ementa1 metearological data were nbtnined from the Naval .
' ﬂeather Service Offdce at the m‘now Grave Nava1 A1r Station in Horsham.
Pennsylvania. The geograpmcal re1ationsh1p between the Ambler site and
g the adr station 1s snovm in Figure 3. '

OPEMTION DF THE FIELD MDNITORING PROGRAM

The pr1mary samp'l‘lng prdgram was operated from November 1 through
19. 1975. The nomina? samp'l'lng period Was usuaHy from 0900 to 1500 .
hours EST during conditions that should have maximized the release of
. asbestos from the p11e. ~'Dur*lng the primary program, samples were also
obtained on a Sunday when both the Nicolet and Certain-Teed plants were
closed, In addition; one group of samples was obtained during a I]d-hour .
perdod from 1600 hours IEST on October 18 to' 0900 hours EST on October 18—
The alr samples were conected on 47-m1111metEr ¥i114pore membrane
fters w1th an 8-micron pore sfze. The fﬂter holders vere p'Iaced in.
downward and located approximately 5 to.6 feet abave ground. Depending
on the type of sampler, the flow rate was set so that the total volune
that passed through each filter ranged from 4,000 to 6,000 liters.

. A total of 123 samples were obtained during the entire sampling
progranm. The filters selected for analysis consisted of 68 collected
during the primary program and 7 collected during the pre'liminary test
program. The samples were shipped' to Walter C. McCrone Associates, Inc.

for analyses by optical and electron microscopy. The filters that were
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analyzed were selected on the basis of the maximum exposure potent‘lal to
the local population along the northern bank of the pile. The selection .
criteria that were used were based on the daily meteorological conditions. K
1. L., ralat‘lvely high wind speads and favorable wind direction as well as
proximity to possible sources of asbestos, In addition, the.samples
sc‘i_.'ted for analyses included the full representation’'of the five types

' of monitaring sites. A tabulation of the fﬂters selected for amlysis

4s presented {n Table 2
" There mre two types of‘ air samplers used during the- study: the '
be battery—opented Research Appliance Company (RAC) midget a1 r samplers
md the Ac-powered Unico-Gelman air sampler. “The w1nd-mon1tor1ng system
was & Wind Mark IT1 manufactured by Climatronics cmmporntion.: A techni-
ca'l description of th‘ls mn1t0r1ng equ1pment is provided in Appendix A.
e Prior to ﬂﬂd use, the wind speed and wind direction system vas .
wind-tunnel- tested and ca11brated to determine accuracy. t_hresho'ld, dis-
tance constant, and iinearjty. “To ensurejmaximum data re‘fiabﬂ'lty and__—
data recovery, static zeré calibrations were performed daily on the
electronics of the wlnd speed and wind direction processors in the field. y
A combinatfon of static span and dynam1s span calibrations was also pér-
formed dafly on thr electronics of the'wi md-d1rect10n processor, Ths
statfc span calioration verified the proper operation of the electronics
only, whereas the dynamic span saiibration verified the proper operation -
of the entire wind direction sensor system This was accomplished by
physicany orientating the wind direction vane tnward a d1stant point
of known azimuth, ' |
| The Research Appliance Company midget air samplers and the Unico-

Gelman air samplers were both installed and operated daily at previously
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Table 2 .

mters' Analzzéd ’to Determine Ashestos Filter Counts’ X

o . Average :
v o Wind Speed ¥ind
Location  Date . {mph) _ -Direction .
172 LD
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" Table 2 (Cont.)

il

Average ‘
. . "Wind Speed Wind
Location  Date (mph) Direction -

A-10
A-15
A-14
€13 .

—

-

|~__. -i S

-—

9
.
1
4
i)
1
9
1..
4
9
]
LI
9
1
4
.9'
1
4
1

-—
—b

119

-

In addition, six flters obtained on 10-28 were )
analyzed to detarmine the optimum dust loading
to be utilized for the testing phase of the program.

- j L "‘ .~| 3

* Sampling on Sunday; na plant operétians.

ik
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selected Tacations, 'The pumR, ﬂaw-cohtro'l valve, and rotamter were

puced on the ground within i protective enclosure. The fﬂter holder .
i asseubly was ‘mdunted approximately 5 feet above the ground and was con-"
. hected. to the pump with, surgical tubing. R

The RAC midget alr samplers were usuony operated dt 15 4ters per, -

. minute for 5 hours. vhich ymded a total volume of about 4.500 Titers
R through the filter medium. The Unico-Gelman air samplers vere operated
At about 25 1iters per _minute for 4 hours. which yfelded 6,000 1iters. .
Prior to a'nd after the use of a particular filter, rotaneter readings’
., of ihe nitial and final flow rate vere taken, In addition;.th'e rota-
-, meters of a11 sampling lunits wera calibrated with a high-aecuracy wet-
gas test mater and a stopwatoh ot both the start and completion of the
' f1e'ld monitoring program. The time for 30 1iters of alr to pass through o
the rotaseter was recorded as was the indicated reading of the rotameter, '
This vas performed at {three different rotameter settings to'ensur_e_ _ ‘
linearity; and twice at each setting to insure reproducibility.

D, osscaml'ou OF ANALYTICAL METHODS

ATl filters selected for anolysis were ana1yzed by both e'lectron

and optical microscopy.

1. Optical Analyses

I

Optical analyses record all fibers thae are more than 0.5 micrometers
long and that have aspect ratios greater than 3. Mo attemot 1s made to .-

identify the fibers or to confirm them as asbestos,

'AR000027




The examination by the NIOSH optical phase-Contrast method yjelded

» no fiber concentrations above 0.7 fibers per cubic centimeter. the ieveis
. yere generany below 0.0055 fibers per cubic centimeter,
_ The results oi' the phase-contrast microscopy are presented in '

Appendix c. Tables C-1 through c-a. The anaiytica'i methods ere detai'led

{n Appendix B. ’ '
- 2. "l’rensmission Electron Microscogz

* The enelyses of the i'i'iters b,y transmission electron microscopy i

(TEM) report the presence of ei] asbestos forms regardiess of size.

In eddition. all fibers suspected of being asbestos are confirmed by

electron diffrcction. Exemination by TEM revealed the presence of
s v chrysoti’le esbestos in semples c-l F-Z, F-3, and G-5." vy

In general, the specinens contafned chunky {norganic psrticies. .
smll organic retneins. “small nggionereted material (exhibiting 2 cnein-
'like structure), and spberoidn pertic'les (Table c-o) Tables c-
through C-6 present the results of the eiectron microscopy before
corrections for calibrations of the sampies. 'i‘he ‘Tower 1imit of detection
for each f1lter anaiyzed is also presented The lower iimit of detection
corresponds to the fiber count if one fiber of ashestos’ was present fn
. the fllters analyzed, In addition. for each of the four Mlters that
had {dentifiable asbestos fibers, computer printouts of the length, width
aspect ratfo, and mass of each fiber are presented, along with descriptivi
statfstical information, in Appendix €, '

The‘TEii procedure {s aiso detailed in Appendix B.

")

1
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1
3
3
3
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" 1V,  PROGRAM RESULTS

A RESULTS OF THE NIOSH PHASE-CONTRAST METHOD

j - " The NIOSH eempiing and analytical method ,used fn the studyh was
origine'lly developed to determine phe exposure. Jevels ‘of workers' {nvolved
in the mining, manufacturing, and handl{ng of asbestos minerals or prod=,
yets, - It was:ess'umed that .the total fiber concentration fn the working
environment was primarﬂy composed of esbestﬂ"orm f'Ihers. At pre;ent.
there 1: an nccupationat esbestns standard based on the NIOSH sampling
. and anﬂyﬁcel procedure. TMs standerd 1s an 8-hour t1me-weighted ever'-

_ age of 2. ﬂbers per ‘cubde cent1meter (u, S. Pept. of Labor 1972) Although
this standard a..d the annyﬂcﬂ technique are not directly applicable

phere. fﬂter samples can be analyzed by the NIOSH method to determine the,

maguitude ol the fiber loading.
The results of the analysis of the filter samples that were conected

during the stuqv and analyzed by the NIOSH phase-contrast method are pre-
sented in this section. The optica'l counting technique (described in,
Appendix B) 1s not selective just far asbestiform fibers. but provides an
estimate of the total particle concentratian (in fibers per cubic centf--
~ meter) for all fibers longer than 5 microns, ‘
' The vesults are presented for comparative purposes only, In all,
48 of the 73 analyzed filters were obteined during a samp'ling period of
4 to 5 hours, which 1s comparable to NIOSH requirements. The mean total ’

3
3

B

]

1
? r-for determining the concentntion of afrborne asbestos in the free atmos-
]

i

J

3

3

i

J fiber concentration for al) samples was only 0.006 fibers per cubic
j centimeter for particles with an aspect ratio of 3 and a length greater

a4 AR000029




then 5'microns. The"ranpe' of observed fiber concentrations varied from

23 peak value of 0.066 at site G, to a 'low value oi’ 0. 0005 fibers per cubic

centimeter et site D (Figure 3) These levels are extremeiy Tow as. com~
o ‘pered i‘.o the occupebiena'l standard, in this case, even the peak velue is

~epproximete1y two orders of megnitude less than the standard.

B. RESULTS OF THE TRANSMISSION EI.ECTRON MICROSCOPY

A transmission eiectron microscopy (TEM) anaiysis was performed to
B selectively determlne the presenee of asbestiform (chrysotile) fibers,
. inciuding fibers. 1ess then 5 mierons in Tength. The TEM procedure, which
is described in Appendix B, also provides qualitative {nformation on the
“type and size of other peri:icies present on the fiiters. The detailed '
, results of the fi]i:er enelysis performed by Walter C. McCrone Associetes,‘
. Inc, ere presented 1n Appendix C.
In SUTMRTY, the examinetion ‘of eii 73 i'i'iters seiected for eneiysis
, by the TEM method reveeied the presence of chrysotile esbestos panticles .
on only four of the air sampier i’iiters. The correctad total fiber con=
centretion ranged from 0. 017 to 0,085 fibers per cubic centimeter at |
site C end site F, respectively, Dependi ng on the particiv. 1oeding on
eech fiiter, the minima) detectable esbestos concentration determined
.by the TEM technique varied from 0.0010 to 0.0032‘ fibers per cublc centi-
meter. The chrysotile asbestos particles usuaiiy'appeared as single _.
fibers, or in bundles or small groups with an unidentified binding mate~
rial, or both. In general, otner mater{als most i;requently observed n

the samples consisted of chunky inorganic particulates, small organic
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particles, small agg'iomerate material (sometimes exhibiting a chainiike
structure}, and spheroidal particies (possibly fly ash) The'total
asbestos fiber concentrations and other pertinent information are pro- .
'vided 1n Table 3, |

C.  EVALUATION OF ASBESTOS CONCENTRATION DATA

B S ' Because of the Timited numbev of fi1ters with dctectabie levels of
. asbestos fibers, the data evaluation thet was originally envisioned has
: iieen' u'wdifi'ed.' Specii'icaii,v. 1t was not possible to provide or de've'icp '

' ectilel or projected ashestas concentration patterns 1n the vieinity of

the inaci:ive refuse .piié based on only four measurable concentrationsl
: at only three sampling 'Iocations. Other graphical presentations, such
=as esbestos (poiiu'cant) wind reses and fiber concentrations as a funetion

l of distance from the piie. vere also considered mpractical, iiowever.
an attenpt was made to review end avaluate a1l data obtained during the:

" {ntensive mont tarinn survey and to understand the relationship between
(1) the measured ambient asbestos levels and (2) the matecrological con-
ditfons and ex{sting physical condition of the inactive refuse pii-e
In addition, the asbastos Tevels measured during the field sampling pro-
gram were compared to the ambient asbestos concentrations obtained during
2 previous study in the vicinity of the inactive refuse pile in Ambiei', '

Pennsylvania,

1. Existing Conditions

2. Heteorology

The intensive field monitoring survey was conducted during the first

AR00003I
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3 weeks of Hovember 1.97'6. November 1s. nnrmally characterized as a trzms1-
tion period in uastern Pennsylvama. with relatively mild days (afternoon

,temperatures in’ the mid- to upper 505) and coo) nights (temperatures into
‘ the low 40s).. It is not unusual, however. for the first indications of

winter to occur during this month, with raw, cold-days. The average
menth'ly prec1p1tat1on tota'l for Novemher in the Ph11ade1ph1a area is 3. 3

1ncnes. which 1s equiva'lent to the annual monthly average.
+ The ueather patterns during November 1976 featured a strong, upper-

’ "leve'l nerthwesterly to wester1y f‘low over the area, Mthough frontai

. systems traversed the area frequently, the accompanying cyc]ontc

disturbances end the major precipitation activity occurred primarﬂy to

' the nortn or south of the region. In response to this abnormally celd, _

dr,y. persistent etrﬂow. the De1awere Vmey experienced one of’ the eoIdest

driest Novenbers n recent Mstory. ,
An average monthly temperature of 39.9° F was observed at the

" Philadelphia Internqt'lonal.Atrport. which-was 7,3° F beTow normal, the

seconu coldest November on record. The monthly precipitation, medsured

'at both Philadelphia and Wi1low Gr6ve. established new records as the

driest Novembar. Precipitation for the nonth totaled 0.32 and 0.51
inehes in Phﬂade‘lphia'and Willow Grove, respectively. Measurable pre-
cipitation was observed 'on‘ only 2 days during the field program, f.e,,
during ’the evenfng hours of Hovember 3 and 5, when rainfall amounted to :

10,03 and 0.07 fnches, respectively.

The prevailing surface wind direction that was measured on top of
the inactive refuse pile throughout the monitoring program was primarily '

from the western quadrant. The frequency of occurrence of westerly winds

o

AR000033




Y I
3

-

1
]

a ])',
|
.
B
]
]
1

. ‘ . b State of the Inactive Refuse Pile

observed at the monitoring site is quite evident and s 111ustrated by
the wind polygen in Figure 4. The degree of correspondence between the
_wind directions. recorded at the Ambler anq 1110w Grove 'locatjons suggests .

~ that the general exposure of the sites and local micrometeorological con-

. ditfons experienced at each site are ccmparable Y

Average wind speeds measured during the nominal sampling perfods

l (0900 to 1500) varied from about 4 to 12 miles per hour. At n‘lght. winds

- were generally tht. with an average speed of less than 3 miles per haur,

To assess the condition of the exposed surface area of the pile,

visual end tectua'l observations were made daﬂy at the monitoring sites R

adjacent to the pi'le. These quelitative observations were necessery to

deternine if the exposed areas of the pile were an active or passive
emission source. ' ° ' ' .
Mthough unseasonably cool, dry weather conditions prevaﬂed—
throughout most of the monitoring program, significant prec1p1tat10n
occurred on October 30 and 31. During these 2 days, 0.63 inchesl

of rain were recorded at the Hillow Grove Haval Air §tat1on. As a result,

- the exposed surface arees of the pile were very moist, with standing

pbo'ls of vater pt'esent at the base of the pile.

Because of the subsequent precipitation on November 3-and 5, accom-
panfed by re'latively cool temperatures, the pile remafned in a ‘moist
condition during the first 5 days of the sampling program. The lack of
measurable: precipitation‘. combined with the relatively high wind speeds

after November 5, contributed to conditions that enhanced the evaporative
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Ambler, Panns\}lvania (inactive pile, meteorological site)

0 2w e e e em == Willow Grove Naval Alr Station, Horsham, Pennsylvania

Figure 4. Wind frequency diagram (in percent),

AR000O3S




processes and reduced the moisture content of the surface layer of the

?
)

* plle.
' Hithin a few Iday's. the surfac.e. leyer of the exposed slopes appeared
relatively dry to'a depth of ] to 2 centimeters, but a thin, cracked

crust had formed and covered' ehe entire exposed surface area. Hawever.
the presence of moisture vas still evident. especie'l'l_/ on days with

' subfreezfng temperatures. On these days, portions of the surface Iayer
and subsurface vere frozen, chh ‘caused the material within the sum'ace
leyer 4o adhere to fce cr,ystals. The diurnal freezing and melting of

the fce dur1n9 the day caused the surface layer to expand and contract,
whicu created the thin crust'over most of the exposed surface. On

visual inspections of the pﬂe. 1nd1v1dua1 chrysotile fibers were .

' reedﬂy evident on portions of the exposed surface. Throughout the

entire monitoring program, howsver, no visible emissions in the form of

dust clouds were observed above the surface.

2. hAnalysis of Asbestos Conceutration Data

In general, the meteorological conditions that were encountered .
during the asbestos sampling program should have ruaximized or enhanced
the release of materdal from the exposed surfaces of the inactive pile.

Specffical'ly. these conditions were

1. absence of measurable precipitation during the monftoring program
2. favorable prevailing wind direction (the windflow at oblique’
angles or nearly parallel to the orientation of the northern bank)

relatively high wind speeds during the sampling perfods.
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With these conditions present, detectable asbestoe fiber concentra-
tions were determined an only 4 of the 73 analyzed filters. These ambient
asbestos Tevels were measured at three different monitoring sites in the

vicinity of ohe pile. 'l‘hese sites, sampling periods, and the corresponding 4

mef.ebrological conditions are 1isted in Table 4. The actual monitoring
, locations and p'lant enﬂssion.polfnts are identified in Figure 5.
© Nine of the sasnp'ling locations were specifically designed to measure
. thees‘bestos contribution from the inactive pile. However.-detectabl_e
. asbestos concentrations were'-obtoin_ed at only one site, sfte C. It is
1nterestin§ ‘that the measurabie ashestos concentr'ation obtained at site
¢ oceurred the day after‘a heavy rainﬂm. Apparently, the primary
factor contributing to the measurable ashestos level at site C was the
. relatively high w1nd speeds, One of ‘the highest average daily wind
speeds (7.5 miles per hour) was. recorded on November 1, 1976, Although
compnrable meteoro) ogical conditions (but with s}ightly lower wind speeds)
were observed on at least two subsequent samp]ing days, nu detectab’le v
asbestos Tevels were meas, red. o

The detectab]e asbesto concentrations obtained at site F on November
'3 and 4 appear tP be related to nearby plant emission sources. Because
of the relatively low average wind speeds {less than 4 miles per hour)
and a windflow generally from the south to southwest that persisted
throughout November 3 and 4, any asbestos released at the plant site would
have been poorly dispersed and slowly transported to f.he moni torino loca~
tion (Figure 5). It is doubtful that the ambient asbestus Tevels observed .
at site F were associated with fugitive asbestos emissions from the

inactive pile.
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It is dtfficult to determlne the asbestos source that contributed
to detectalﬂe asbestos concentrations at site Gon November 8, Based on
the observed meteorological conditions, 1t appears that the measured
asbestos 1eve1 at sit_e G may represent a portion ofj the, total asbestos
.burden released frorn fnactive and active pﬂes as well as from the various
plant emission sourcas. Upon review of the data. 1t was found that,
except for 'Iower ambient temperatures, the meteorolog1ca'l condmons
'observed on Novemoer 8 were quite similar to the condi tions chservéd on
Hovember 1, However. no measurable asbestos Tevels were determ'lned at
_ any of the monitoring 1ooat10ns that are 1n close prox1m1ty to the exposed

northern bank of the Inactive pile. h
D.  CONCLUSTONS AND RECOMMENDATIUNS.

-Most of the samp'les:mo‘llaoted did not have deteotable levels of _
asbestos. tnerefore. 1t was 1mposs1b1e to docunent or test tne statis-
tical extent of the oonmunity exposure to asbestos that originates from -
the 1naet1ve pile. Detectable asbestos levels were only abserved at one___
location adjacont o tne inactive pile and the Tocal conmunity. Approxi-
mately half of the 73 analyzad f{1ters were collected at monitoring sttes
at or near the playground and near various residential dwelld ngs along
Locust Street. The lack of measurable asbestos 1eve’ls in the vicinity
of the piie may indicate that the pile is sufficiently stabilized so
that fugitive emissions are negligible or infrequent. "

The magnitude and extent of ambient asoestos concentrations measured
during the Noverber 1976 monitoring program are comparable to anbient

. asbestos levels determined by the U.S. Environmental Protection Agency

at the Anbler location during Octeber 1973, The results of the previous
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study (EPA 1974) and the latest sampling results are summarized in
Table 5. The ambient asbestos levels are presented-in terms of an

uverage weight concentration (nanograms per cubic meter), The mnnitoring‘

' locations where the EPA samples were collected wure sl lar to the EEH
 monitoring sites. Although the EPA's sampling durmon {sampling t1me

for each fﬂtor) was greater than EEH's, the average asbestos conoentrn- .

tions ‘obtained by the EPA at the three mon1tor1ng s{tes were similar to
.E'F.H's results. The asoestos concentra’dons observed by the EPA ét site 6

were directly attributab]e to asbestos emissions associated with a dis- .
posiﬂ operation at the active pﬂe site. This asbestos-disposal procedure

was terminated in 1974.. .
The implication of the re'su'lts of the previous study, together with

= the most recent sqrppHng data, suggests that fugitive asbestos em'issions
from the exposed surfaces of the inactive pﬂe are 1ns1gn1f1cant and
infrequent. Furthermore, the results indicate that measurable asbestos
levels in the v1c'1n1ty of the inactive pile, 1n some cases,' 'may be inde-
pendent of the condition of the pile. For example, detectable levels were
observed when the"expo'sed surface of "the'pjl'le was moist, De'tecta'l'ﬂe Tevels
were only observed at sampling Tocations adjacent to the aétive‘and {nactiv
piles 1n combination with average dai"ly wind speeds in excess of 7.5 miles
per hour and w{th a wind direction 'from the northwest. At relatively low
wind soeeds and with a persistent southerly flow, the pe:todic releases
of asbestos from the plant facilities can reach detectable levels.

One final point should be addressed. Altholgh the evider;ce indicates

that fugitive asbestos emissions from the pile and the resulting ambient
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Table 5 ]

¢

Summary of Ambient Asbestos Concentrations
ﬁeasurea n ﬁBler, Pannsylvania

A. ' EEH MONITORING PERIOD, NOVEMBER 1 TO 19, 1776

Nominal Average As;bestos

Sampling lio. : Concentration

. §_1_t_e_ " Time (hours)  Samples  [nanograms/cubic meter)

e .. .
F

e

] _ .1~ . <]
a2 %
v

4 2

.B.  EPA MONITORING PERIOD, OCTOBER 15 70 18, 1973

Nominal =~ o Average Asbestos
Concentration

. . Sampling No.

Site Time (hours) .  Samples (nanograms/cubic meter)
ew® o2 2 |
F(9) 12 .3
&(7). 12 o

a. Numbers in parentheses are EPA site jdentification numbers.
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concentrations are ext'reme'ly Tow, wind conditions and the lack of signi-
ticant precipitation existed during the manitoring program that should
have maximized the asbestos contribution from the inactive pile, However.
it is possible that ‘the below-freezing temperatures that occurred on all
but four of the sampmg days (Noverber 1, 4. 5, 7) may have caused 2 ,
reduct1on in the emissions of the pﬂe Onl,y 2 of the 73 samples analyzed '
had measurab]e asbestas levels that may have originated from the pile.

Detectable asbestos Tevels were deterninéd on filters collected on the

‘ ::dq'y th_at. or the day afier.' hbdve-freezing temperatures were 'observed.

- 'Based on the results of the study, EEH recommends that'a follow-up

. mditoridg study should be conducted this. summer {June, Jduly, «r August

‘1977)' Sampling should be performed at the monitoring sites adjacent to .
'ﬂze plle for 2 to 3 days. ' The primary purpose of this monitoring effort ‘
would be to verify that the results obtained by the EEH f{eld program are

{ndeed the maximum emissionj emanating from the p1 le.

' [}
}
A

[}
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APPENDIX A
DESCRIPTION OF INSTRUMENTATION
1. TEST EQUIPHENT

The two types of air samplers that were used are,a Unfco-Gelman afr- -
sampling kit and a midget air sampler manufactured by Research Appliance’
cOmpany (RAC). Each unit s equipped'wi th a valve that enabfes the user

o to vary the sampHng fluw rate. The flow rate i{s read directly by a

' _'rotameter that {5 integral Wi th the mnits.

. “The Unico-Gelman unit has a free-air capacity of 2.4 cubie feet per
minute (68 11ters per minuts) and 1s operated by a 115-vo‘lt. 60 Hz power
supply. The RAL‘ un1t has a fre;air capacity of 19 Titers per minute '

wsand 1s operated by -2 'lz-volt automoﬂve battery. '

2.: WIND SPEED AND DIRECT 108 SYSTEM--CLIMTRONICS WIND MARK 1II

The wind—speed sensar. a stainless-steel three~cup anemometer-.——
generates an electrical signal by a photochopper that uses a solid-
state tht source for max‘lmum reliability. The wind-direction sensor’
isa counterba‘ianced vane that is coupled to a precision potentiometar.
Both wind-speed and wind-direction transmitters use stainless-stael,
precision ball bearings for maximum 1ife and law threshold.

Wind speed and ‘wind direction are recorded on a dual-channel
recorder'with a recording width of 2.3125 inches per channol. The

recorder can be operated §n the tear-off mode or in the reroll made.

AROODOLS




2

L

i

- The system s operated by a battery pover sugply. Tt;c;}wnical spacifications
for the Wind Mark 111 system follow.

g
ARIN .

. . Mind Mark 111 Specifications
.Wind Speed , S

Accuracy o ISensor. 20,25 m lp or 1.5 percent
. . ' System: 0.5 mph or 2 percent

Range ‘ '+ 0-50 and 0~100 mph
Distance constant 8 feet maximum
el 075mh
| nd frectlon

Accuracy Co ' Sensor. :5
v L - System: 22"

Range ' o 0°-360" mechanical; 0" to 540" electrical
. Distance constint . " 8 fest maxioun '
Danping fatio 0406

Threshold . . 0.75 mph

1
1
d
¥
g
1
v:,‘ } '
o
N
b
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. APPENDIX B

-

DESCRIPTION OF ANALYTICAL PROCEDURES

o — —
[

1. OPTICAL MICROSCOPY

LETIEN

‘ The‘concentrmon pf fibers longer than 5 micrometers was determined

' by the nse of a phase-contrast J1lumination microscope, as pecomnended_
by NI03H, ' ' ,

‘l’he mounting medium used was prepared by dissolving 0.05 grams of -
membrane f{lter per m111111ter of 1:1 solution of dimethyl phthalate and
diethy) oxalate. A drop of mounting solution was placed on a clean micro-
scope slide. A quadrant was cut from the fﬂter and p]aced, exposed sur-
feee-:upward. on the drop.of mounﬂng solution by touching one comer
down onto the s‘Hde and then a‘llomng the drop to spread evenly under
the filter as the filter was lowered on the sTide. The preparaticn was
then covered with a m1crosc5pe cover glass After approximately '1'0 to .
15 minutes. the filter was canp'lete'ly cleared and was ready for
cxamination. . .

The prepared f11ters were examined with a Cooke Troughton anq Stmms
phase-contrast microscepe using a 4-millimeter objective lens and 10%
oculars in a binocular head, giving an overall magnification of appnoxi-
‘ mately 400X. A graticule in one of the eyepieces permits calibration of
particle sizes. A1l particulates having an aspect ratio greater thnn 3
to 1 and a length in excess of S-micrometers were counlted as fibers.
Counting was continued until at Teast 100 fibers had been counted, but

always with a minimum of 20 fields examined.

AROCCOL7




Calcutation of the fiber concentration was bas.ed-on the following

formula:
RRT-3T,

where £ = fibers per mil{iiter
' A = area of f{1ter |
. k = nunber of flelds exanined
. a=area of ﬂeld of view (1n the sane units as A)
K = number nf fihers counted ,
¥ = volume of air snmp'led (mﬂH'H‘ters).

1t should be noted that no attempt was made to fdentify the fibers counted.
Table B-1 §s a tahulation 61{ the rfesu_'lts obtafned by the optical micro-

SCopy.

2. ELECTRON HICROSCOPY

- —r——

The samples were col'lected on mumbrane fﬂters with a pore si*e of
0.8 micrometers, A sgction of the fﬂter. approximately 4 millimetars .
in diamater, was placed facedown on a carbon-coated electron microséope
+ grid. The membrane filter was dissolved, using acetone in a soxhl;:t
extractor. | ,
' McCrone Associates has shown that there is very little risk of
‘contanination in transferring the filter in the electron microscope grid
to the soxhlet extractor. Furthermore, by dissolving the filter'in situ
on the §r1d. the risk of Tosing portions of the sample 1s minimal. Tech-

niques involving transfer of a 1iquid suspension directly to the electron
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microscape grid are.more subject to errcr' since there is frequently a

. size separation as the meniscus of the drying drop recedes.
The sample grids were examined on the electron microscope (JEM 200). .
) using 2 mhgnificaﬂon in which the intermediate lens aperture was in focus
in the 'specim'en p‘lane. 1t was thus eossme. by inserting the aperture
-and switching to the diffraction position, to obtain a’ Yelected area elec-
,' tron diffraction (SAED) pettern of the fiber' with no other ad;lustments to.
the microscope. In this way, it was possible to spot-check the d1ffrac-
: t'lon pattern of 1nd1v1dua'| fibers very rapldly. ,
The electron microscopy Was done at a re1at1ve1y Tow power. .OOOX,
with an optical a1d of 1. 5x optical magn1f1er (total magn1f1cat10n'
3,000X) or a 10X binncu]ar dissection microscope (total magn1f1cation-'
2,000%). Chrysotile asbestos 1 bers were resolved by the JEM electron
microscone at 2.000* magniﬂcation and were visible on the screen with
‘the aid of 1.5X or 10X optical magnmr'a.ion. For posmve 1dent1ﬂeation,
20,000% magnification was.used for the morphoiogy and electron d1f’fra~ct__1£n
of the fibers;' If there was any doubt regarding the presence of fibrils, a
field m.'; scanned at 20,000% magnification with additional optical ma:gni.- .
tication of 10X (total: 2,000X) or 1.5% (totel: 30,000%), The.ndvantage
+of counting using the microscope viewing screen at a Tower magnification
is the greater field size:lhence. a greeter total area can be cnunted
, convenientiyv. givinn a greater degree of statistical confidence,

The length and width of each.asbestos fiber were recorded, Inter-
polaticn from intervals scribed on the screen allows an accuracy of mea-
Surement on the screen of approximately £0.05 centimeters, This corres-
ponds to an accuracy in size meacurament of about 0.02 tc 0,03 micrometers,

t
;
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Measurementg of the 1ndjlv1dual fibers are computer-pracessed to give

, Ustings of the length and width of the fibers. together with 2 computed

" mass of each fiber computed on the basis of den;ity. D, and dimensions,

Land W(DXL X W), A density of 2.3 vas used fur chrysotile,
A'computer printout of the foﬂowing infomtion {s presented for

" each filter that contained chrysotile asbestos, -« - ' "

* 1. caleulated number of f1bers per unit volune
. 2. calculated mass of fibers per unit volume
s, . the siz.e'diitribﬂﬂm of the fibers based on length and
" width, and the distributfon of fibers by aspect ratfo.
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APPENDIX C

. RESULTS OF FILTER ANALYSIS BY WALTER C; McCRONE ASSOCIATES, INC. |
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" -Table C-1
Results of NIOSH Phase-Contrast Examination

-m ' Fibers/Cubic c;nt‘lmeter '
B I X |

A3’ . o.0021
A4 o 0.0017
B1 0.001
O Y X
Bl - 00005
b2t 0.0008
e oam
g2 .. 0.0
| Y

B4, . Co 0,001
Pl . 0.0008
0.0020

0.0010

0.0005

0.0656

00053

0.0029

0.0021

00046

00019

0,001

0.0013
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. Teble g2 -

Results of NIOSH Phase-Contrast Examination

g

Fibers/Cublc Cantineter

“o0002
10,0751
0,023
0.0270.
0.0019
00339
0.0230 4
0,0013
0.0202
0,011

C 0,003
0.0369
0.0026
0.0444
0.0012

. 0.0395
0.0254
10,0008
0.0397
0,0285
0.0632
0.0658
0.0421

'
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_Table C-3

FREP i B Lo
. .- -3
: ‘ i

Results of ﬁIOSH Ph'ase-Contras't Examination

', Sample Fibers/Cubic Centimeter
A6 S o0
b7 7 000z

E-6 ©0.0030
E7 L 0.0028
0.0020

" 0.0085

0.0029

00071

0.0012

. 0.0017

0.0025

0.0664

0.0019

0.0023

0.0017

0.0112

0.0030

0.0023

0.0279

0.0259.

S O T g W S

kY
3
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e K (
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Table C-4

* Results of Analysis by Transmission Electron Micrascopy of Grnuf_:_l_ :

Lover Limft -
of Detection Asbastos. Level Detected

Sample (ﬂbnrs[cub‘ic cgnt'lmater) (ﬂhan[cuMc cantimster) * - ' - "' Cooments

M 0,002 . a2} Mainly organic remains with sm
. : . : {norganic particles present.
asbestiform nmri_al detected,

A3 0.0032 BOL Yarying small bits and pleces
e i . N v organic materfal.are present.
' Chunky fnorganics range 1o fac
‘ate sizes. Agglomerated zampl
waterfal occurs 4n large s1zas
Soma f1lmy residues noted. Mo
-asbestiforn raterial detocted.

Little matertal of any signifd
cance present. Very small chu
{norganics, orgenic renains, &
some 1arge chunky {norganic po
ticlas make up this sarple, O
asbestiform materfal detected.

0,0029 . ‘ Chunky fnorganic materdal make
' up most of this semple and -
ranges to very large sizes.
Small organic remains are pres
ent, Mo asbestiform matertal
datected.

0,0027 o Inorganic particles of a gener
. ally chunky natura ara present

ranging to large sizes,' Some
agglomerated fnorganics are pr
ent. Most of the smaller
materfal consists of organic
remains. Occasional chrysotil
fibers noted.

Organic particles of varying
types are present as are chunk
inorganic particles ranging to
sizes of 2 micrometers with on
a small proportion being large
, No asbestiform material detect

e 8L - Below detectfon 1imits.
b, Chrysotile, ¢ on Tints
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Table cl4 (cont.)

Lower Linit . i
of Detection Asbestos Leve) Datected

Sample: (ﬂbnn{cuhic cantimster) (ﬂbers[cubic centineter)
B2 0.002 B0L .

. 0.0014

1

0.0016

L ‘Cnmne'nts

Sma1l to moderately large chunky
inorganics, acme fine agglomer-
ated material, and small organic
remains are present in this
specimen. No asbestiform
materfal detected,

Chunky inorganic mtertal 1s
quits common and rances to quise
Torge sfzes. A f{ne agglcmer-
ated material 1s present in add1=
tion to much small inorganic
matter, No ashestiform material
detected.

Small chunky tnorganic material,.
fine agglomerated particles,
organic remains, and sors quite
Targe, chunky inorganic matarial
are present :in this speciven, *
No asbestiform material detactad,

Chunky irorganic materfal is
present, ranging frem submicrome .

" ater to large multimicromatdi

sizes, Varying types of orginic
remzins are present. Sore
agglomeration of sample ratarial
noted., lio asbestiform material

detectad.

Smll chunky particles, fine
chainlike agglomerates, small
organic remains, some organic

, fibers, and large chiplike or

chunky {norganic particles con-
stitute this sample. lio asbesti-
form material detected. Occa-
slonal spheroidal particles roted

Organic remins are present in
the smaller size ranges, Scre
fine agglomerated matertal is to

. be noted as well as occasional

spheroidal particles. Inorganics
present arc generally chunky in
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Table C-4 ICont.)

" Lower Linit ' .
of Datectfon Asbestos Level Detected

Sample ‘fiben{cubi: centimater)  (#ibers/cubic centimiter) ~ Loments

F-1 -pature and range from very sm

{Cont.) , ) submicrometer sizes to the
Targest particles present, 'k
asbestiform matarial detected.

"2 0.0031 0.069“’? Yarfous types of organic ree
S . : o . mains and chunky. inorganies ar
presant, ranging to rodarate
sizes. Chrysotile is present
in bundles or small groups of
{ibers, which show a binding
material, Counting the scall
groups 1s sometimes difffcult
due t0 the binding medium, Se
very large inorsanie particula
are present,

. ool®) Smll to quite Targe chunky 4n
L organics of varying tyse, smal
organic remains, soma agglomer
ates, occasioml sphoroidal p:
ticles, and chrysotile fibers

are present. .

=

» 0,0018

0,001 ' S Chunky inorganics of varying
- size, fine agglomeratad mater!
various types of organic remi
and some spheroidal raterfal a.

present in this sample. lio
- asbastiform materdal datected.

Smll to quite large chunky or
chiplike {norgenic particles,

spheroidal particles, agglomer.
ated material, organic remains
and organic fibers are present
Ho asbestifurm materdal detect:

Small to quite large {norganic
particles of a generally chuni;
mature, organic remains, organ
fibers, some agglomerated fine
[material and occasional sphero

*dal fnorganic particles are
prescnt, HNo asbestiform mater-
detected.
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Table C-4 (Cont.)

Lower Limit ‘ ,
of Detection Asbestos Lovel Detected

Sinple  (f{bers/cubic centimeter) (fibers/cubic centimster) ' Comments

. o "
B2 . 0.0032 ' BOL _ Chunky matarial to Targe sizes,,
. . f4ne chainlike agglomerates,
' ' : . organic remains, and some
: spheroidal particles are notad.
No asbestiform materdal

.d.‘

Sml1 to quite Targe chunky
particulates, small arganic
remins, and some organic
f{bers are present. Distribu-
tion of material is sorewhat
uneven, o asbestiforn
mater{al detected.

Small to very large chunky in=
, organic materdal is tha domi=

mant feature of this specimen.
Some chiplike 1norganics, small
organic remains, and large .
organic fibers are also prasent.
No asbestifornm materfal
detected, .

Smail to very large inorganic,
< particles with morphologies

ranging from chunky to aggtom-
arate types are the major
componants of this smglo.
Some organic ramains, larse
organic fibers, and infrecusnt
Targe nonasbestos inorganic
fibers are also present. o
asbestiforn mater{al detected,

S$mall to large sfzes of fnor-
ganfes of a generally chunky
nature predominate. Smail ore
ganic remains and smal) to
moderately sized agglomerated
material are present. Mo
asbestiform material detected.

Small to quite large chunky
inorganic material, a fine
agglomarate material, same
spheroidal material, and small
organic romains are present, |
Ho asbestiform material
dotected,




_—

. - T o :
”.*i“‘—‘_.‘?w( T-.u-t‘s—-a—-‘-s——-‘-' —t — e —_—

. Sample

. Table -5

Results of Anal sis by Transmission Electron Mi cr.osco‘
of 6ro p 11 _

Lower Limit of. Detection

A6 ... -0.0027
-7 0,0029

- . 0.0016

7 - . 0.0018
. 0.0017
0.0017

0.0018

0.0017

= 0.0017

0.0018

0.0017

. 0.0024

" 0.0028

00029

0.0026

0,0028

*.0.0016

0.0018

0.0016

0.0018

2. BDL = Below detection 1imits.
b. Chrysotfle.

tal

Asbestos Level Detectad

(fibers/cubic centimeter) . Uibers(cu@fc centimeter)

soL(® -
BOL
BOL
BOL

BOL

BOL
BoL
p.025(b)
oL
DL
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Table C-6 ,
Results of Aga!ys‘ls'bx fransmﬁsion Elactron Micrnscbg!
of Group . Coedt .

Lower Linit of Detection Asbestos Level Detacted

' 'Smle (fibers/cubic centimeter) (fibers/cubic centimetar)

. A~10 .o 0.003)
* b4 ©,.0.0024
‘A-15. - 0.,0023
’ ' 0.0012 '
o 010016
0.0017
0.0012 - " -
0.0016
0,0016
0.0011
0.0029
0.0019
-0.0031

a. BOL = Balow detection Mmits.
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SAMPLE G5 11/8/76 (CHRYS&TILE)

" FIBER CONCENTRATIOM BY WUHEER PER CUBIC METER 4 O, 25E+05
FIBER CONCENTRATION BY N4SS, PER CUBIC'METER » 8,002 cnnnsmxoo-s
AIR VOL, 1 6696.@ LITERS . _
GRID SCUARES COUNTED » 60 . . ]

:T:Eiéi’iﬁs;;xlﬂﬂ!ﬁll_‘<E:

gk

d

' DESCRIPTIVE STATISTICS
NO. 0BS. & 15

T (W R €

"VARIABLE - . OMEAN " YARIANCE STANDARD . STANDAT
S , P DEVIATION ERROR

3 LEWGTH © ©.1B129E+01 ' 9. 12956E402 0.35995E+81 ' - @, 92939t
2 WIDTH © o 8,72333E~04 0. 18026E-02 9. 42487E~01 Q. 10962¢
3 ASPECT. RRTIO 0.19769E+82 ' 0. 51963E+03 0.22796E+62 . 0, %88%59:

.4 ﬂRSS - 8. 70093E~01 0. 4916GE-p1 B.22173E+00 . 0.%7251¢

2

SKEUNESS  KURTOSIS ~  MeX MIN  RANGE

:

1, .. 0.29821E+01 @, 23829E+01 0. 145245402 0, 24210E+00 0. 14282E+02
2 T 0.77094E4C0 -0, 851255408 0. 16140E+88 0, 23200E-21 0. 13320£+00
3 ©,20071E+01 0,32262E+01 0.900B0E+02 0, 433IE+C1 0, 8S667E+YR
4 ©,31113E+01 ©.92967E+01 0.37000C+39 9, 4Q0005-03 0.E85950E+0G"

b

SAMPLE G5 11/8/76 (CHRYSOTILE)
» ] ’ '

i

LENGTH  WIDTH ' ASPECT
: _RATIO

bl

2.1383 ° ©.0605 . 35,3323 ©.0180
0.403% 2.0403 ‘18. 8600 e, 00815
14,5243 0.1614 90, 0000 0.8700
8. 4841 0.0282 17,1425 0. 0009
1.0490 9.1009 10. 4060 0.0245
8.5243 0.1210 4,3333 0.0177
0.2421 0.0202 8,5714 0, 0004
2.9049 0.060% 48,0000 - ' 09,0245
0.6435 .  0.060% 16.6667 0. 6054
9,6359 0. 6403 17.0000 0.'002¢
8.2824 . 0403° © 7.0000 0.0011
9.3631 0.0605 6.006Q 0, 0031
0.887¢ 0.1412 6. zes7 0. 0407
1.694% 0. 1009 16 0. 0396

0.3631 0.0403 s. oeao {1300006 | 8. 0014

_

S\DO\IQ&!&NND‘

Tl el

"o on b pa
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-
1




SAHPLE .F2 (CHRYiPTIFE)

FICER CONCENThRT!ON BY HUMEER PER CUBIC NETER .
FIDER CONCEMNTRATION BY NASS, PER CUBIC NE1ER '

, 8,69E+03
0,072 GRAHSHIDA=6

y
i
bx\|

AalR voL, « S2.:4,0 LITERS

GRID SOUARES COUNTED .

VARIABLE

1 LENGTH

2 QIDTH

3 ASPECT RATIC

4 WASe

- SKEWNESS

9. 30540E+01
8. 2639%E+01
0. 19561E+01
9,38186E+01

40

DESCRIPTIVE STATISTICS
- HO. 08S, =

HEAN

' 9,32288E+01

9, 20998E+30
0. 19131E+02

0.10422E+01 -

vl

KURTOSIS

0. 963525+01
0. 76306E+01
0, 304255401

]

YARIANCE

0. 12092E+02".

0. 4200HE-D1
0, 4Z297E+03

.0, 10283E+02

Max

8, 20576E+02
0. 190865+01
€. 85000E+02

8. 1510%E+02

* - STANNARD

DEVIATION

0. 425355401
0. 20494E400
0. 20565E+02

8, 32076E+01

HIN

STAHDAF
ERROR

0, 90683t
0, 438938
0. 43347E
a. 58387E

RANGE

9. 56480E400
€. 40300E-01
0. 41567E+611
0.21000E-02

0. 2091 1E+02
0, 96820E+CO
0. 8R83IEH62
8. 131028+Q2

és .
1
Z]‘
-

0. 13798E402
=h

SAMPLE ,F2 CCHRYSOTILE)

e |

WIDTH ASPECT

LENGTH
o RATIO

15.1046
0. 02438
0.8822

0. 08634
0.0151

0. 1352
1.2034
90,0120

8, 0157
8.6415
0.0098

0. 3267
1.3141

- 8.0218
0,2220
0.0021
2,7732
0,0476
0.0870
0.1837
0.0381

6.4000
6.0000
8. 5ooo
. 21,6887
6.4009
4, 1667
g. 0000
35,3333
13, 6000
19.6667
65, 0000
40, 000
8. 7000
3, 3332 .
4,2857
14, 0000
‘€5, 6600
11,6667
13. 4286
19,6000
9. 3433
1A ANAD

< 1.0086
8.1210
0.1614
0.1210
0. 1009

- A, 2421

19,4035
8. 0603
0, 0207
0.2421
6.0402
8.1614
6. 4038
0.1210
0. 2824
0.0403
0.2421
0.1210
0.1412

6.4553
0. 7262
1.3717
2, 6224
n. 6453
1.0086
3,2276
2.1305
1.0490
4,7€08
2,6224
. 6, 4553
2,5100
0. 6435
1.2104
0. 5648
20, 5761
1.4121
1.8962
3, 0662 8.1614
1.1297 80,1210
3.8732 0. 2421

i b

| SV R, S |

o)
CWONAU DW=

[OUPRS R S
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SAHPLE  +F3 EEH, INC (CHRYSOTILE)

9 F10ER couEENTPATION BY HUMEER. PEQ CUBIC METER , 0, 23L+05

MiErp eQCERTRATION BY HASS, PER CUBIC HETER 2,000 GRAHSH10+-6
)16 vor, . 6120.0 LITERS . , : .
WF 11 SOUAPES COUNTED « 60 '

"

e
0

.‘DESCRIPTIVE STATISTICS

NO. OBS, = 13

L. VARINELE " HEAN
8.\ 36556 +01
0. 44354E-01

0,23527E+02
0. 14677E-01

LENGTH
o383 ¥ ST

HSFECT RATIO

"Hes ,

v

. SKEWNESS

KURTOSIS

0. 25474E+01,

0.#41955C+00 -0, 12150E+21

. 0, 23311E+01

0. 53798E+01
8, 45384E+01

VARIAHCE

0. 60092E+081
0.336826~03
8. 84832E+03
8. 14274E-02

T

0, 92794E+01
0.807005~01
8. 115008403
0. 13900E+08

STANDARD
DEVIATION

0.24512E+01
0. 18349E-01
6.296926+02

0.37781E~-01 .

MIN

0.16140E+20
0,/202906-01
0.50800E+81
0, 2004090€E~03

STANTARD
ERROR

0.679§SE+00

. 8. 58292E-02
9. 80626E+01
0. 10479801

RANGE

0. 91180E+01

8, GOSO0E-91

8. 11098E03.

@, 13320E+00

0.27098E+01 0,60303E+01

(CHRYSOTILE)

SANPLE +F3 EEM, INC

LENGTH VIDTH ASPECT
. _ RATIO

0.1390°
‘2, 4051
. 8007
0.0150
0.60i6
0, 060+
0. 6000
0, 0002
8, ea2s
0.06133
0, 6GS
0.-0006

0. 0207
0. 0605
0.8202
0. 0605
0.0282
0, 0232
0.0403
- 90,0202
0. 0403
0, 0505
0, 0608
0, 0282
0.0403

118, 06000
10, 0000
12,8571
37,3232
348, 800a

8.571+4
S, 89an
8.0000
1?2. 0200

26, 0u0)
10,6667
11.428¢
14,0600

AR000063

9.2794
0, 6052
0.3621
2.2593
0.8473
0. 2421
0.2017
0.1614
0, 6859
1,573%
0, 6455
0.3229
0.5648

WONHWUD N>




SnﬁPLE «C1 EEH INC CCHRYSOTILE) -

0, §GE+0S -

r {MTRATION BY NUMBER PER CUBIC METER' . '
T coemir 0,600 GRANSH10=6

. ) ICZF CONCENTRATION 'BY MNASS, FER CUBIC NETER '
HIR YOL., . 3419, LITERS .
GRIN SQUARES COUHTED . , 60

DESCRIPTIVE STATISTICS
HO. OBS. = 6

. MEAN

. 0.53793C+00

SKEUNESS

2, G4PBTEHCO
W, S1831E+CD
=0,5323936+00

0.28383E-01

0. 19262E+02 |

0. 11800E~02

=

g _KURTOSIS

-0, 11933E+01
=0, SB794E+00
=0, 182248+01

=8, 14695E+01 -

O Y& ) -

0.28718E+08

SAWPLE

LEHGTH

0.3245

9, 6959
0.2824

0. 4241
0, 6052
0, 5495

1 €1 EEH, INC

WIDTH -

0,0403
0,0232
0.0282

© 0,0202

0,02¢2
@.0282

© YARIANCE

@, 21273€E-04

0. 41522E-04
0. 32060E+02

. 0,31600E~08

HAX

0, 6839RE+00
9, 490300E~01
8, 242065402
8. 20000E-02

{CH

ASFECT
RATIO

13, 0009
24, 3657
10, 0060
24, 0000
21.42¢6
22, 3571

STANDARD

DEVIATION

0. 145355400
8. €4437E-02
0. 61693E+01
0.56214E-03

MIN

STANDARD
ERROR

0.59544E~C

0. 263205E-1
0. 25186E+0
0.22549C-0

RANGE

0.28240E+00
6.206209€-91

0. 10800E+02"

€. 56000803

RYSOTILE)

ARCOOOGL

0.40336E+0Q
0.221008~51
8. 142888402
0. 15600E~02

0. 0020
©.0013
0.0005
8, 0005
0.0011
0.0012




